The heats of isomerization of all of the 18 octanes were det ermined by m easurement of the ratios of their heats of combustion, in the liquid stat e for 17 and the · solid stat e for 1, using the p rocedure p reviously described for the hexanes and the heptanes.
In continuation of the program of determining the h eats of formation and of isomerization of the paraffin hydrocarbons [1, 2, 3, 4] 1, calorimetric m easurements have b een m ade which yield values for the differences in the heats of combustion of all of the 18 octanes at 25° O. These values for the differ en ces in the h eats of combustion, which, for the same state, are also the heats of isom erization at 25° 0, have been combined with heats of vaporization (or sublimation for the one solid octane), measured by Osborne and Ginnings [5] , to give values for the heats of isomerization in the gaseous sta te at 25° O. Oombination of these with values for the decrease in h eat content of the various isomers in the gaseous state from 25° 0 to 0° K, calculated by Pitzer [6] , gives values for the energies of isomerization for the ideal gaseous state at 0° K.
The description of the octanes investigated is summarized in table 1, which gives the name of the compound, the normal state (liquid or solid) at 25° C, the source of the material, and, where known, the amount of impurity. For 13 of the octanes, determination of the amount of impurity was made by A. R. Glasgow, Jr., of the American Petroleum Institute Research Project 6 at this Bureau, from timetemperature freezing and melting curves [19] . For the others, estimates of the amount of impurity were made by the authors, considering the method of purification and the purity of related isomers. The octanes used were so prepared and purified that the residual impurities must have consisted largely of isomeric octanes. Further, the impurities would be largely only those isomers having boiling points near that of the given isomer. The values given in table 2 indicate the tolerances with regard to such impurities, and also the actual estimated amounts of impurity. From these data, it appears that the amounts of impurity in the 18 octanes were not sufficient to affect their heats of combustion significantly, with the possible exception of 2,3-dimethylhexane.
The procedures for sealing the liquid hydrocarbons in glass ampoules, purifying the oxygen used for combustion, igniting the hydrocarbon, examining the products of combustion, and determining the amount of reaction have been described previously [2] . For the combustion of the solid 2,2,3,3-tetramethylbutan e, glass ampoules could not be used, and, since the sample was r equired to be inclosed because of its volatility, gelatin capsules were used for the purpose. All the capsules were from one lot of No. 000 gelatin capsules. 2 These were dried by heating in an oven at 100° C, cooled in a desiccator, and weighed in small closed bottles out of contact with the air of th e room. A heating time of 6 to 8 hours usually served to bring the capsules to constant weight. For each combustion experiment involving a gelatin capsule as th e inclosure for the m ain combustible material, the mass ("dry") of th e gelatin capsule was first determined . Then the solid sample was packed into the capsule and the cover put on. The cover of the capsule was sealed to th e body by dipping the entire capsule halfway under water for several seconds.
H eats of Isomerization of Octanes
' From Sharp and Dobme, Baltimore, Md. For the solid octane, two types of experiments were performed. In the first type were measured the temperature rise of the calorimeter and the mass of carbon dioxide formed in the combustion of a mass (not accurately known) of 2,2,3,3-tetramethylbutane together with a known mass of gelatin capsule. In the second type of experiment were measured in one series, I, the temperature rise of the calorimeter and the mass of carbon dioxide form ed in the combusti.on of a known mass of gelatin capsule, and in another series, II, the temperature rise of the calorimeter and the mass of carbon di.oxide formed in the combustion of a known mass of gelatin capsule together with a known mass of pure benzoi.c acid of known heat of combustion. The second type of experiment served to determine the amount of heat and of carbon dioxide evolved in the combustion of unit mass of gelatin, the I series involving the determination directly on 13 capsules (1 capsule The average values obtained for the amount of heat evolved and the mass of carbon dioxide formed in the combustion of unit mass of gelatin capsule were combined with the data of the first type of experiment to obtain the temperature rise of the calorimeter and the mass of carbon dio:~.'i.de formed from the combustion of the 2,2,3,3-tetramethylbutane alone.
CALORIMETRIC PROCEDURE
The calorimetric procedure was the same as that in the work on the hexanes [2] and heptanes [3] .
V. RESULTS
The experimental results of the present investigation are presented in tables 3, 4, and 5, which give the data yielding values of B in ohms per gram of carbon dioxide, as defined by eq 4 of the paper on the hexanes [2] , for 17 of the octanes in the liquid pbase, and for the eighteenth octane (2,2,3,3-tetrametltylbutane) in the solid phase, at 28° C. The symbols have the same significance as in previous reports [2, 12] .
In the experiments on 2-methylheptane, there was a loss of carbon dioxide during the analysis of the products of combustion of the calorimetric combustion experiments. In order to save repeating the latter experiments, a series of four noncalorimetric combustion experiments was performed to determine the ratio of the mass of carbon dioxide formed to that calculated stoichiometrically from the mass of sample. These four experiments yielded the following value for this ratio: Mean, 0.99970; standard deviation of the mean, ± 0.00006.
The values of the mass of carbon dioxide formed as given in table 3 are calculated from the foregoing ratio. The uncertainty assigned to the final value for 2-methylheptane was increased by the uncertainty in the stoichiometric ratio.
In table 6 are given, for the 18 octanes, values of the following: The constant B in ohms per gram of carbon dioxide, as given in tables 3 and 5; the ratio of the heat evolved, per mole of hydrocarbon, in the bomb process at 28° C for each isomer to that for n-octane; the difference, between n-octane and each isomer, in the heat of combustion in the bomb process at 28° C; and the heat of isomerization of n-octane into each isomer, at 25° C and 1 atm, for the liquid state for the 17 normally liquid octanes and for the solid state for 2, 2, 3, 3-tetramethylbutane. The value of the heat of isomerization was obtained by means of the relation [2] For this calculation, the value of (-D.UB)n at 28° C was taken as 5458.8 into kjJmole [4] .
.. TABLE 
3.-Results of the calorimetric combustion experiments on the seventeen liquid octanes

Number of experiments a
Mass of 
. 3·Methyl-3-ethylpentane ....... ... ...... _ ...... ----------- ----------- .
----------------
Deviation from mean
g COzig gelatin -0.00047 -.00278 -.00086 .00304
.00108 • All of these experiments were performed with calorimeter system 0 (see section V-I and section VII-1 of reference (4)). b Calculated from the mass of benzoic acid, using 26,428.4 into jig for the heat of the bomb process under standard conditions [11] .
-----------
• The mass of carbon dioxide arising from thc benzoic acid was calculated from the mass of tbe benzoic acid, using a stoichiometrical value of unity, as determined in other experiments [12] . 
. ±0.0000149 --------------
• All these experiments were performed with calorimeter system 0 (see section V-I and section VII-I, of reference [4] ). • All the uncer tainties assigned to tbe experimental quantities in this table are equal to twice the stan dard deviation of the mean. Tbe uncertainty to be assigned to tbe value of the heat of isomerization of anyone of tbe Isomers into any other one may conser vatively be taken, on the average, as ±0.25 k cal/mole, except that when one of the isomers is 2,2,3,3·tptramethylbutane the uncer tain ty may be taken as ±0.40 kcal/mole·and except for 2,3-dimethylhexane, for which see footnote c below .
b Obtained by subtracting the value in column 4 from unity and multiplying with tbe factor 5,458.8 into kj/mole (see text). . • The yalues assigned to 2,3·dimethylhexane may be uncertain by several times the amount indicated because of the uncertainty as to purity (see tables 1 and 2) .
VI. DATA OF PREVIOUS INVESTIGATIONS
The only published papers describing the determination of the heat of combustion of one or more octanes are the following: Of the foregoing data, only those of Richards and Jesse [15] and of Jessup [16] yield values for the heats of isomerization of any of the octanes.
The data of Richards and Jesse [15] yield the following values for the ratio of the heat of combustion of a given isomer to the heat of combustion of n-octane: n-octane, 1.0000; 2-methylheptane, 1.0010; 3-ethylhexane, 0.9983; 2,5-dimethylhexane, 0.9990 ; 3,4-dimethylhexane, 0.9993 . The corresponding values of heats of isomerization for the four isoparaffins become, for n-octane into a given isomer, in the liquid state, ~H=+ 1.3, -2.2, -1.3, -0.9 kcaljmole, respectively. The corresponding values from the present investigation are -1.25, -0.14, -2.53, -0.49 kcalJmole, respectively. Since the values from Richards and J esse may be uncertain by as much as 2 kcaljmole or more, it is seen that their data are substantially in accord with those of the present inves tigation within the resp ective limits of uncertainty.
The data of Jessup [16] were obtained in an investigation in which circumstances made it possible to perform only two complete combustion experiments on each of three isomers. His data yield, for the heat of isomerization of liquid n-octane into liquid 2,2,4-trimethylpentane and into solid 2,2,3,3 -tetramethylbutane, ~H=-1.8 and -3.2 kcal/mole, respectively. The corresponding values from the present investig1tion are -2.24 and -4.50 kcalJmole. Because of the then unavoidable limitations placed upon these experiments of Jessup, the values of heats of isomerization deduced from them are arbitrarily assigned an uncertainty of ± 1.0 kcal/mole. It is seen that Jessup's values are in accord with those of the present investigation within the respective limits of uncertainty.
VII. DISCUSSION
As has been previously pointed out, values of the heats of isomerization of the octanes, along with those of the other paraffin hydrocarbons, are needed in calculating, in combination wi th free-energy functions, values of the free energies of isomerization and in studying the influence of structure upon the energy content of the molecule.
With regard to the correlation of the energy content with structure, a separate report will be made. It may be pointed out here, however, that the data on the energies of isomerization of the octanes are in accord with the generalization previously made [1, 3] concerning the change with structure of the energy content of hydrocarbons.
Th e use of these data on energies of isomerization for calculating equilibria and free energies of isomerization of the 18 octanes is discussed in another report [13] .
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